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Abstract — The catalytic cracking of n-octane over FER, MFI, MOR and BEA zeolites was studied by the protolytic
cracking mechanism in order to understand the effect of pore structure of zeolites on their product composition and
deactivation. The selectivities for C; and C;~ were high over the zeolites with medium pores due to additional cracking,
while those for C, and C,, the initial products, were high over the zeolites with large pores. MFI zeolite showed slow
deactivation due to small carbon deposit, while FER zeolite with small pores deactivated rapidly with severe carbon
deposit. The deactivation of BEA zeolite was slow even with a large amount of carbon deposit, but MOR zeolite showed
a rapid deactivation even with a small amount of carbon deposit. The conversion measured along with the time on
stream on these zeolite catalysts was simulated by a mechanism based on the simplified reaction path of n-octane crack-
ing and the deactivation related to the pore blockage by carbon deposit.
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Reactant First decomposition Oligomerization

G, Cq™ ~N
C o+ Gy
C; + G GGG G G G
C~ o+ G — long hydrocarbons
n-octane [—[L ¢, + CF —_— Oligomerization of reactive

Since C;"and C,” are products of the

rapidly decomposed to first decomposition reaction

C,” and Cy7, the overall produces long hydrocarbons.
products are C,, C,7, C;,

L C;,CpL €y, Gy andChJ/Fnrther‘ reac(ions\

Cracking produces Aromatic compounds
lower hydrocarbons + are produced through +  coke
suchas C,5, €7, ete. dehydrocyclization.
Scheme 1. Consecutive catalytic cracking of n-octane over zeolite cat
alysts.
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Scheme 2. Simplified reaction path of catalytic cracking of n-octane
over zeolite catalysts.
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Fig. 1. Simulated curves for the deactivation of catalysts in the cata-
lytic cracking of n-octane with different parameter sets of
[(k;+k,), A or B]. (1) [2.0, 0.50], (2) [2.0, 2.0], (3) [0.40, 0.30],
and (4) [0.40, 0.50].
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mole of n-octane fed - mole of n-octane remained
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Yield for i product (mol%) =

mole of n-octane consumed for the production of i product
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x100
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Table 1. Properties of zeolites used

Catalyst Particle size Si/Al M Source
(um) BET  Ext.
BEA 0.1 13 638 226 PQ Corp.
MOR 0.1~0.2 10 396 30 Tosoh Corp.
MFI 0.2~0.3 25 368 118 Zeolyst Corp.
FER 0.4~0.6 8 340 32 Synthesized
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Fig. 2. TPD profiles of ammonia from various zeolites.
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Fig. 3. Simulated curves for the deactivation of BEA, MOR, MFI and
FER zeolites in the catalytic cracking of n-octane at 530 °C.
Marks denote the experimental data and lines show the simu-
lated results.
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370 °C, FER A2} Eo M= 440 °CE tf2u), 2 9] 59] 34]
252 272 W3k Ak4|7)3= BEA < MFI < MOR < FER $20]
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Table 2. Parameters for the best fits of the conversion profiles in the
cracking of n-octane over zeolite catalysts at 530 °C

Zeolite Type of deactivation equation ky+k, AorB
MFI fractional 1.30 0.8
BEA " 1.30 32
FER exponential 0.28 0.3
MOR " 0.28 0.5
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Fig. 4. TG curves of the fresh (open) and used (solid) zeolites. The
used zeolites in the catalytic cracking of n-octane were obtained
after using them as catalysts at 530 °C for 250 min.
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A, B : deactivation constant [time™/?]

a(t) : activity of catalyst [-]
C : deposited carbon [-]

G : concentration of species j [mol/dm?]

C,  : entering concentration of species j [mol/dm?]
F : final hydrocarbon products [-]

F, : molar flow rate of n-octane [mol/min]

F,, :entering molar flow rate of n-octane [mol/min]
k; : reaction rate constant of i step [min™]

(0] : n-Octane [-]

P : active intermediate [-]
: reaction rate of species j [mol/dm® - min]
: volumetric flow rate [dm®/min]
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Yy

\% : volume of catalyst bed [dm?]

W,.  :mass fraction of deposited carbon [-]
X

: conversion of n-octane [-]

Jzlo|A =Xt

o : ratio of reaction rate constants k;/k,
B : ratio of reaction rate constants ky/k,
T : space time [min]
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0 : entering or initial condition
C : deposited carbon
(0] : n-octane
P : active intermediate
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